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(54) Waterfast primary color dyes for ink jet recording fluids 

(57) An ink jet ink composition comprises a liquid ve- 
hicle, a dye, a co-solvent for improved waterfastness, 
and a branched N-hydroxyalkyI polyethyleneimine pol- 
ymer substituted at about 80% of the available nitro- 
gens. Alternatively, the N-hydroxyalkyI polyethylene- 
imine polymer could be replaced with an N-hydroxyalkyI 
dtphenyiguanidine substituted at about 80% of the avail- 
able nitrogens. Additionally, the polyethyleneimine pol- 
ymer or diphenylguanidine could be epicholorohydrin 
modified (1 -chloro 2,3 epoxypropane) to form the corre- 
sponding N-hydroxypropyl derivative. The co-solvent 
preferably connprises N-methyi-pyrrolidone or N,N- 
dimethylfomnamide. 
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mulating permanent ink jet recording fluids. Since waterfast color inks are highly desirable for the digital color press 
system developed at Scitex Digital Printing. Inc.. of Dayton, Ohio, the dyes according to the present invention generate 
cyan, magenta and yellow inks with superior waterfastness. The inks formulated with the waterfast primary color dyes 
in accordance with the present invention provide good print quality and substrate penetration to aid in drying on coated 
s papers. 

Imaging in the digital color press is done with four separate and independent printheads. Each head images a 
different one of the primary colors, cyan, magenta: yellow or black. The printheads are of the binary, continuous ink 
jet type, and employ planar charging technology known in the art. 

In a preferred embodiment of the present invention, imaging is done on a continuous web of paper. The various 
10 color heads are positioned behind each other so that they image sequentially on the paper as it passes underneath 
the head. In order to obtain high quality color images, multiple drops of each color ink are printed at each pixel location. 
The jet spacing is 240 dpi with an orifice diameter of 0.7 mil. The stimulation frequency is 100 kHz and all heads are 
synchronized. The web speed is typically 200 feet per minute accurately controlled. 

The ink jet ink composition of the present invention comprises a liquid vehicle, a dye. a branched N-hydroxyalkyI 
IS polyethyleneimine polymer substituted at about 80% of the available nitrogens, and a co-solvent for improved water- 
fastness. Alternatively, the N-hydroxyalkyI polyethyleneimine polymer could be replaced with an N-hydroxyalkyI diphe- 
nytguanidine substituted at about 80% of the available nitrogens. Additionally the polyethyleneimine polymer or diphe- 
nylguanidine could be epicholorohydrin modified (1-chloro 2,3 epoxypropane) to form the corresponding N-hydroxy- 
propyl derivative. 

20 In a preferred embodiment of the present invention, the N-hydroxyalkyI imine, preferably substituted at about 80% 

of the available nitrogens, is selected from the group consisting of branched polyethyleneimine polymer and diphenyh 
guanidine. The branched polyethyleneimine polymer is preferably epicholorohydrin modified. The N-hydroxyalkyI imine 
substituted at about 80% of the available nitrogens could also consist of 3,3-bls-hydroxyethyl-1 .1-dlphenylguanidine, 
substituted at 82% of the available nitrogens. The co-solvent preferably comprises N-methyl-pyrrolidone (NMP) or N, 

2S N-dimothylformamido (DMF), which provide improved watorfastness. 

The liquid vehicle in the ink jet ink composition of the present invention comprises a pH modifier such as an amino, 
preferably alkyi- and alkanol-substituted amines such as dimethylethanotamine, triethanolamrne. diethylethanolamine 
and the like. The liquid vehicle could also be selected from the group consisting of a wetting agent, a biocide, denatured 
alcohol, deionized water, a corrosion inhibitor, a lower alphatic alcohol, and mixtures thereof. Additives that can be 

30 included in the vehicle of the invention include a corrosion inhibitor in an amount from 0 to 0.2 wt. % such as a triazole 
or alkanolamine; a wetting agent of from 0.01 to 0.5 wt. %. such as an ethoxylated acetylenic diols: glycol ether; and 
a biocide from 0 to 0.5 wt. % such as an isothiazolin or dehydroacetic acid. The Ink may also Include an optional 
defoamer such as phosphate esters, silicone or non-stlicone defoamer or acetylenic diol. 

The dye component in the ink jet ink composition of the present invention is water soluble and preferably selected 

35 from the group consisting of Direct Dyes and Acid Dyes which carry -COOH or -SO^H groups, such as Direct Yellow 
86, Acid Red 249, and Direct Blue 199. In general, the concentration of the dye should be between about 1% and 6% 
by weight. 

The Acid and Direct Dyes are modified with ethoxylated polyethyleneimine (PEI) or ethoxylated diphenylguanidtne 
to form the corresponding polyamine ethoxylate or guanidinium ethoxyiate salts, respectively. In addition to lowering 
40 the solubility of the modified dyes in water, the hydroxyethyl groups enhance the affinity of the dye to paper. 

In accordance with the present invention, Direct Blue 199, Acid Red 249 and Direct Yellow 86 were formulated 
into cyan, magenta and yellow inks, respectively Any suitable dyes may be used to formulate the subtractive primary 
colors, such as commercially available dyes from Zeneca including PRO-JET CYAN 1 LIQUID. PRO-JET MAGENTA 
1 LIQUID, and PRO-JET YELLOW 1 LIQUID: and PRO-JET FAST CYAN 2 LIQUID. PRO-JET FAST MAGENTA 2 
45 LIQUID, and PRO-JET FAST YELLOW 2 LIQUID. 

The following examples illustrate the waterfastness of inks as percent (%) retention In presence of 0%, 0.5%, 1% 
and 2% ethoxylated PEI on various substrates. The first row of each ink Indicates the optical density before soaking 
in water; the second row of each ink indicates the optical density after soaking in water for approximately one minute; 
and the third row indicates the waterfastness. determined by dividing the and second row by the first row. The amount 
so of waterfastness that is acceptable, of course, is both application and substrate dependent. 
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Cyan 8083A 


40 1b. 

Coated Before Soaking 
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(continued) 
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EXAMPLE 3 




With 0% EPI 


With 0.5% EPI 


With 1% EPI 


With 2% EPI 


Yellow 8053Bi 










80 lb. 

Coated Before Soaking 
After Soaking 

Waterfastness as % F=tetention 


0.594 
0.31 
52.2% 


0.59 
0.395 
66.9% 


0.592 
0.43 
72.6% 


0.626 
0.51 
81.5% 



In accordance with the present invention, the selected dye interacts with the polymer to achieve an ink that is 
waterfast. The interaction between the water soluble anionic dye and the cationic poiynner, as illustrated in Fig. 1, 
results in a dye with less solubility, i.e., greater waterfastness, than otherwise achieved. 

The present invention has resulted in ink having improved physical properties, such as cxcollcnt waterfastness 
and affinity of dye to substrate. Ethoxylated polyethyleneimine and ethoxylated diphenylguanidine binds strongly 
enough with the dye of the present invention to produce prints of near 100% waterfastness when the ink dries on the 
substrate. The synthesis of waterfast cyan, magenta and yellow dyes are particularly useful in formulating permanent 
in jet recording fluids for use on the digital color press imaging system. 

Industrial Applicability and Advantages 

The present invention is useful in the field of ink jet printing, and has the advantage of formulating a modified dye 
for use In ink jet printing ink which has increased waterfastness. 

The invention has been described in detail with particular reference to certain preferred embodiments thereof, but 
it will be understood that modifications and variations can be effected within the spirit and scope of the invention. 
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Claims 



1. An Inkjet ink composition comprising a liquid vehicle, a dye, a co-solvent, and an N-hydroxyalkyi imine substituted 
at about 80% of the available nitrogens, wherein the N-hydroxyalkyi imine substituted at about 80% of the available 

35 nitrogens is selected from the group consisting of branched polyethyleneimine polymer and diphenylguanidine 

and the branched polyethyleneimine polymer is epichoiorohydrin modified. 

2. An ink jet ink composition as claimed In claim 1 wherein the co-solvent comprises N-methyl-pyrrolldone. 
4Q 3. An Inkjet ink composition as claimed in claim 1 wherein the co-solvent comprises N.N-dimelhylformamide. 

4. A process for generating images which comprises incorporating into an ink jet printing apparatus the ink compo- 
sition of claim 1 and forming Images by causing the ink to be expelled in droplets onto a substrate, thereby gen- 
erating an image on the substrate. 

4S 

5. A process as claimed in claim 4 wherein the ink contains an N-hydroxyalkyl imine substituted at about 80% of the 
available nitrogens selected from the group consisting of branched polyethyleneimine polymer and diphenylgua- 
nidine. 

so 6. A process as claimed In claim 4 wherein the N-hydroxyalkyl imine substituted at about 80% of the available nitro- 
gens consists of 3, 3-bis-hydroxyethy 1-1.1 -diphenylguanidine. substituted at 82% of the available nitrogens. 

7. A process as claimed In claim 4 wherein the N -hydroxy alky I imine substituted at about 80% of the available nitro- 
gens Is present in an amount of from about 1 to about 3 percent by weight. 
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8. An ink jet composition as claimed in claim 1 wherein the diphenylguanidine is epichoiorohydrin modified. 

9. A method for formulating modified dyes for Ink jet printers, the method comprising the steps of: 
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(54) Waterfast primary color dyes for ink jet reconiing fluids 



(57) An ink jet ink composition comprises a liquid ve- 
hicle, a dye. a co-solvent for improved waterfastness, 
and a branched N-hydroxyalkyI polyethyleneimine pol- 
ymer substituted at about 80% of the available nitro- 
gens. Alternatively, the N-hydroxyalkyI polyethylene- 
imine polymer could be replaced with an N-hydroxyalkyI 



diphenylguanidine substituted at about 80% of the avail- 
able nitrogens. Additionally, the polyethyleneimine pol- 
ymer or diphenylguanidine could be epicholorohydrin 
modified (1 -chloro 2,3 epoxypropane) to form the corre- 
sponding N-hydroxypropyl derivative. The co-solvent 
preferably comprises N-methyl-pyrrolidone or N,N- 
dimethylfomiamide. 
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